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ABSTRACT. A special telescope was developed for measuring the mesn magne-
tic field of the Sun as a star, the distribution of dackground magnetic fields
on the solar disk, large-scale line-of-sight velocities and global pulsations
of the Sun. The instrument represents a double telescope consisting of two
Jensch-coelostat and of two objectives. The optical axes of the two telesco-
pes are parallel to each other. In measuring large-scale line-of-sight velo-
cities light deams from the two telescopes pass through the spectrograph slit
snd get a mutually orthegenall linear polarisation. Differential shift of
spectral lines, as formed by the two telescopes, is measured. One telescope
is defocused such that on the slit a small-gise area is preduced that is il-
luminated by all parts of the solar image. The other builds a solar imsge in
the spectregraph slit plane while the guiding and scemning device provides
raster displacement of the image en the slit. For investigation of solar pul-
sations, two telescopes make it possidle te illuminate the spectrograph slit
with portiens of the solar image different in diameter in the range from tems
of arc sec te full Sun’s disk snd to measure the differential shift of the li-
nes from these two parts. This makes it possible te single out the various: -
spatial harmonucs of solar pulsations. The measurements of the magnetic fiel-
ds have been carried out in -the single-telescope mode. The results of the
first observations are discussed.

METORAR M3MEPEHHMA CBHMX XAPAKTEPUCTHK COJHIA B CASHCKOR COAHEYHOR CBCEPBA-
TOPMH: Cosnaen CUenNaXbHNR TEXGCKON AN MBMEDEHMS CPEeQHEr0 MATHNTHOTO NOXSK
Coanna xax sBeszw, pacmpesexenus (OHOBNX MArENTHNX noxelt me aucxe Coxmna,
EPyOIHOMBCHTACHNX XyueBNX cxopocrel x rxoGexsanx myabcanxit Coxuna. MHCTpyMeHT
npexcTaBager cobok xpokmok coameunmkt rexecxon, cocrosmuit s aByx Emm-nmeiocra-
TOB X XBYX OGBEXTNBOB. OnTNHECKNe OCH OGONX TOAGCKONOB NAPSAXEABLHN .ixpyt' ApYTY.
Iipx MBMEpEHNN XpyOHOMGCHTACHMX AYUeBHX cxopocTell CBeTOBHe NyYKKE OT OGOKX Texe-
CXONOB HDPOXOAZAT Wepes mexb cnexrporpada X MMeDT BSSNMHOOPTOrOHAXBRYD AxHekmyD
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noxspusanup. ¥smepsercs AxpdepernmasbHEL CABNr CHexTPeAbEHX ANHWE, cdopumpoBe-
HHMX AByMs Texeckonamu. OnwE Texecxon Aeforycmpyercd rax, UroSm Ha mexx obpa-
soBaxach HeGoxbmes OCXACTb, OCBemaeMas BCEMN HACTAMN COXHEWHOr'0 N8O6paxeHNS.
BropoRk Texecxom CTPOMT NOGpexenxe COXHNa HA MeAN cHexTporpada, ¢ NOMOMBD CMC—
TeMH THANDOBGHHS X CKGHNDOBAENA OCYmMECTBASETCA DACTPOBOE CKAHMPOBaHWE Nso6pa-
xenns Coarna. Jas MCCAGROBRHNX COXHEYHHX Nyxbcanuit, o6a Texecxona OcCBemEDI
meaAdr CHexTporpada XOHNSHTPHUECKHMN HYACTAMN COXHEWHOrC H3006paxeHNs DAasINYHOrO
AuaMeTpa OT RECATKOB YPXOBHNX CexXyHA X0 NOXHOro mucke CoxHna X nsMepserci and-
fepennuaxbuoe cuemeHNe AMHNA oT oTNX AByx wacTeR msoCpaxeHMs. DTO LGeT BOBMOX-
HOCTBH BHAEAATHb DABANYHNE NPOCTPRHCTBeHHHe IAGDPMOHMEN COXHOUYEHX nyascannuit. Mswme-
PEENS MATHKTHHX HOxeff BMIOXHADTCA B CXeMe OJHOTO TeXecxona. PesyabrarTs nepBHX
uabaoneant o6cyxnaprcs.

METODY MERANIA CELKOVECH CHARAKTERISTIK SINKA V SAJANSKOM SLNESNOM OBSER-
VATORIU: Specidlnym dvojitym slneinym dalekohIadom si mersné nasledovmé veli-
&iny: stredné masgnetické pole Slnka sko hviezdy, rosdelenie velkorosmernych
magnetickych pol{ na slneinom disku, rozdelenie velkorozmernych rychlosti a
glodélnych pulzdeif Slnka. Pristroj je slofeny z dvoch coelostatov Jemschovho
typu a dvoch objekt{vov. Optické osi obidvoch dalekohTadov sd navzdjom para-
lelné. Pri mersni velkorosmernfych radidlnych rychlostf, svetelné ldle sz obi-
dvoch dslekohTadov prechddsaji ces 3trbimu spektrografs a majd navzdjom orto-
gondlnu linedrnu polariszdciu. Eeria sa diferencidlny posun spektrdlnych Ziar,
sformovanjch dvoma dalekohladmi. Jeden z dalekohTadov je rosfokusovany tak,
aby na Strbine vinikala nevelkd oblast, osvetlovand vietkymi Zastami Slnks.
Druhy dalekohlad vytvéra obraz Slnka v rovine Strbiny spektrografu s pomocou
systému pointdcie a skenovania sa uskutoifiuje rastrové skanovanie obrazu na
Strbiné. Pre Stddium pulzécif Slnka, obidve dalekohIady osvetIuji #trbinu
spektrografu uréitymi koncentrickymi Zastami obrazu Slnka. Koncentrické Zasti
majd rdzny rozmer, od desiatok oblukovich sekund af po cely disk Slnka. Meria
sa diferencidlny posun spektrélnych &iar od t¥chto dvoch koncemtrickyich slo-
¥iek obrasu. Této metdda umoifuje urfovat r8sne pericdy a priestorové vztahy
v pulzécidch Slnka. Mersnia magnetickfch polf sa uskutoifiujd v schéme jedného
dalekohTadu. Diskutované si vysledky prvich posorovani tymto dalekohladom.

1. IRTRODUCTION

Regularities of the structure and dynamics of background magnetic fields,
circulation and of convection in the Sun’s atmosphere, and the global pulsa-
tions all refer to the gemeral characteristics of the Sun. Interest to these
problems being of crucial importance in solar physics-has always attracted re-
searches’ attention; in the past 10 or 15 years, however, the study of the ge-
neral characteristics of the Sun has received ever increasing attention.

This was stimulated by the discovery of sector structure of the interpla-
netary magnetic field and its association with the structure of the background
magnetic field of the Sun (Wilcox, 1961; Severny et al., 1970; Wileox, 1971)
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a8 well as of global pulsations of the Sun (Severny et al., 1976; Leighton et
al., 1962; Deutmer et al., 1979), somal peculiarities of the differential ro-
tation (La Bonte and Howard, 1982), snd other phenomena.

The mature of background magnetic fields remains the subject of interes-
ting discussion. During many years, the basic features of the dynamics of so-
lar megnetic fields were interpreted within the context of the idea of solar
magnetism, as advanced by Babcock snd Leighton (Bebeock, 1961; Leighton,
1964). It was thought that the background fields result from decaying magne-
tic fields of active regions and their dynamics is due to the action of "Lei-
ghton diffusion” mechsnisms and differential rotation of the Sun. However,
this idea was upset by the discovery of "sector” masgnetisam of the Sun - the
properties of large-scale fields such as solid-body rotation, the impulsive
character of the distribution of following-polarity magnetic field toward the
polar regions, etc. Further observations of the background field dynamics on
long time scales constitute san important problem of solar physics.

The limiting case of background magnetic field observation is measuring
the mean magnetic field of the Sun as a star (Severny, 1969). Such observa-
tions sallow us to look at the Sun as a variable magnetic star and provide a
better understanding of the rank of the Sun amongst other stars as well as
of other stars.

The Sun provides a unique possibility of comparing mesn magnetic field
measurements with magnetic field distribution over the surface; it permits us
to extend a variety of analogies regarding the surface structure of masgnetic
fields to other stars. In addition, measurements of the magnetic field of the
Sun as a star sre of interest in comnection with the discovery of its close
association with the interplanetary magnetic field sector structure and with
the ecycle of solar activity. Magnetic field structure measurements in the so-
lar photosphere are insufficient for solving the many problems of solar msg-
netisa. Information on large-scale mass motions on the solar surface and, e~
specially, in internal layers of the Sun is urgently needed. Helioseismology
methods, developed in the last few years, have afforded a possibility in prin-
ciple of determining the depth of the convection sone, the profile of differen-
tial rotation with depth, and surface flows associated with hypothetical giant
convective cells. With the development of helioseismology, methods of accurate
measuremen of spectral-line Doppler shift have been improving, and the sensi-
tivity of line-of-sight velocity measurements on the solar surface has also
improved. '

The problems menticned above, and also the related observational objecti-
ves require magnetic field strengths to be measured as accurate as 0.05 Gs
well as line-of-sight velocities as accurate as i m s~! or detter. -

For purposes of investigating a number of general characteristics of the
Sun, at the Seyan solar odservatory a specialized telescope was constructed
snd methods for measuring wesk magnetic fields and differential methods of li-
ne-of-sight velocity measurement were developed (Grigoryev, 1983; Grigoryev
snd Demidov, 1983). The instrument was named the solar telescope of operative
prediction because observational programs are directed not only at investiga-
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tions in the sclar physics proper but also at obtaining synoptic information
on solar magnetic fields for direct use in forecasts of the interplanetary
medium and magnetospheric disturbdbances.

2. GEMERAL DESCRIPTION OF THE TELESCOPE FOR OPERATIVE PREDICTION
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Fig. 1: Twin solar telescope system. The figure shows the light path in a cal-
cite prims which serves to illuainate the spectrograph emtrance slit
with the light simultaneously from the two telescopes, as well as a
scheme illustrating the principle of operation of the deflector.

The instrument (Figure 1) is a twin solar telescope consisting of two
Jensch-coelostats and two doudblet objectives. The optical axes of the two te-
lescopes run parallel to each other. Each of the objectives is installed on a
separate carriage and is able to move on the optical bemk along the telesco-
pe’s optical axis. The instrument is operated in two regimes. In one reginme,
the main telescope is used for measuring background magnetic fields and the
mean magnetic fields of the Sum as a star. In the second regime, both tele-
scopes are npfoyod to measure large-scale line-of-sight velocities and solar
pulsations. The light beams from the two telescopes enter the spectrograph
slit snd have a mutually orthogonal linear polarisation. Measurements are ma-
de of the differential shift of spectral lines formed by the two telescopes.
The operation mode of the instrument in the twin-telescope system will be
exanined in greater detail in Section 4.

The telescope objectives are 18 ca in diameter each snd the focal length
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is 5 m. Tracking at hourly rate is effected by means of the coelostat main dri-
ve. Fine guiding, snd also program imsge scamning are carried out with the aid
of a photoelectric guiding-and-scanning system (a coordinatometer) and correc-
tion drives on the main mirror of the coelostat. The difference aignal from
two pairs of photodicedes positioned at opposite points of the solar limb, set
the correction drive motors in motion. Programmed displacement of the carrisge
in the image plane by means of step motors allows the image to be scanned on
the spectrograph entrance slit in E-¥ and K-S directions. The E-W directions
is parallel to the solar equator sand is achieved by rotating the carriage with
photosensors relative to the center of the solar imsge. The coordinates of the
origin of the scanning rates are related to the solar image center. Determina-
tion of the coordinates of the image center and of the orientation of the so-
lar rotation axis, and also the corresponding setting of the coordinatomer
carriage are effected automatically. The position of the carriage with respect
to the spectrograph entrace slit is controlled by digital position sensors.

The spectrograph has been constructed according to the Littrow scheme.
The spectrograph objective iz 180 mm in dismeter, with a focal length of 5 m.
The spectrograph slit is followed by a circular polarisation electrooptical
snalyzer. A magnetograph photometer is installed in the focal plane of the
spectrograph. The photometer emtrace slit is preceded by an electrooptical de-
flector which successively interrogates the wings of the spectral line as well
as a spectral line Doppler shift compensator.

3. MEASUREMEMT OF BACKGROUND MAGNETIC FIELD AND OF THE MEAN MAGNETIC
FIELD OF THE SUM

In order to measure the mean msgnetic field in a selected area of the so-
lar surface requires that all points of this area of the image be involved
with equal weight in the formation of the spectral line profile. For this pur-
pose, a system designed to illuminate the spectrograph objective, as shown in
Figure 2, is employed. A solar image is built at a distance S in front of the
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Fig. 2: Optical system designed to illuminate the spectrograph slit whem measu-
ring background magnetic fields at low spatial resolutioen.
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spectrograph entrace slit. In this case the slit produces a mean-field spot
from the solar image portion limited by the angular aperture of the spectro-
graph. The angular dismeter, d’, of the portion of the solar image, all points
of which are with equal weight involved in the formation of the spectral line
profile, is related to the degree of defocusing by

= $£._4
D F+s

where S is the distance (in mm) of the solar imsge from the entrace slit;

@ is the sngular diameter of the Sun (in arc min);

d is the objective dismeter; and

D is the solar image diameter (in mm).
For background magnetic field measurements with a resolution of 2 ars min the
defocusing is 97 mm.

In measuring the background magnetic fields, use is made of the usual
principle of longitudinal-field magnetograps based on recording the circular
polarization in the wings of a magnetosensitive spectral line. Analysis of the
polarized light is done by means of an eletrooptical DKDP crystal and a pola-
rizser behind the spectrograph entrance slit and with an electrooptical defle-
ctor preceding the photometer slit. The electrooptical deflector consists of
an electrooptical crystal and a calcite plate (Stepanov et al., 1975). The in-
duced optical axes of the crystal ars arrsnged at an angle of 45° with respect
to the doubdbling plane of the calcite plate. The radiation incident on the de-
flector, is linearly polarigzed. With a zero phase on the deflector, the slit
receives the radiation from one wing of the line while with a 1/2 phase, from
the other wing. The distance between the portions of the line wings coming to
the photometer slit, is determined by the thickness of the calcite plate. The
electrooptical polarigation anslyzer snd the deflector are controlled by sque-
re-form voltage of equal frequency but phase-shifted by 90°, During the pulse
shaping process, the combined operation of the snalyzer and the deflector dis-
criminates the following four states:

State Phase shift Phase shift . Light intensity
on polariszation on deflector on photometer
anslyzer

1 N4 0 1/2 (I8 - V)
2 N4 rr2 172 (Ig + V)
3 -4 M2 1/2 (15 - V)
4 -7/4 0 1/2 (15 + V)

Here I: and I: are the light intensities in the blue and red winds of the line,
respectively, and V is the Stokes psrameter. Composition of the signals in
states (1), (3) and (2), (4) and then subtraction of the sums obtained yield

a signal that is proportional to magnetic field strength. If the sum (2)+(3)
is subtracted from the sum (1)+(4), we obtain a value proportional to the Dop-

Pler shift of the spectral line. The operations indicated are performed in a
mini-computer.
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Measuring wesk background with low spatial resolution requires that the
accuracy be 0.1 Gs or better for a dynsmical range from 0.1 to 100 Gs. So high
sn sccuracy is achievable provided the time of signal accumulation is conside-
rably long, of order 10 sec. This problem is most easily solvable with a digi-"
tal method of measurement. For that purpose, we have applied a current-frequen-.
cy converter that converts the photomultiplier snode current into pulses whose
repetition frequency is proportional to the input current. The converter con-
sists of a current-voltage converter, a scaler and a voltage-frequency conver-
ter. The arithmetic unit accumulates digital information in four channels cor-
responding to the four states of the polarization analyzer for a preset inte-
gration time.

A major difficulty involved in measuring the weak magnetic fields (of
about 0.1 Gs) is the influence of the telescope’s instrumental polarisation
upon the messured results. This introduces uncertainties in the determination
of the sero level of the magnetograph signal. In order to check the signal ze-
ro level and to exclude the instrumental polarization effect, we utilize a 1/2
phase plate that is periodically installed in front of the coelostat. If the
S-signal of the magnetograph is obtained without a phase plate and the S 4/2-
signal is formed with a phase plate, then the signal from instrumental polari-
sation which is responsible for the shift od the signal sero level, is found
from the relation

S =-82/2

2

The background magnetic field observations at the Sayan observatory were
begun in July 1982, initially with a spatial resolution of 3 arc min and since
1983 with 2 arc min resolution. In both cocordinates the raster scamning steps
are 99 arc sec. Signals at each point of the raster are integrated during 8
sec. During the transition from one point to the other, the signals are not
integrated.

Figure 3 shows an exsmple of a record of calibrations by scanning the so-
lar imsge along the equator with the line-of-sight velocity compensator tur-
ned-off (Figure 3a) snd by displacing the line through a rotation of the plane-
-parallel plate before the photometer by a preset amout (Figure 3b). The cn.li-
bration was performed with the accumulation time, T = 0.01 sec and the sca-
ling coefficient, A = 2, in the mode of measurement: T = 8 gsec and A = 64, Fi-
gure 3¢, 4 is a record of noise with no voltage applied to the polarization a-
nalyszer, as well as an example of one scan across the solar image. The rams
magnitude of noise is about 0.1 Gs with the accumulation time T = 8 sec. -

Figure 4 presents a series of magnetograms for the successive days of
observation, showing stable large-scale structures of the background msgnetic
field. .

Figure 5 shows the magnetograms takem at the Saysn and Stsnford observa-
tories. Good sgreement between the magnetic field structures is evident on the
nagnetograns from both observatories.
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Fig. 3: An example of a record of signals: heavy line - brightness signal;
thin line - magnetic field signal. (a) - calibration signal whem
scen are done in E-W direction along the solar equator; (b) - ca-
libration signal by using a plane-parallel plate; (c) - record of
noise with the rolarisation snalyser turned-off; and (d) - magne-
tic field signal when scanning the solar image.

Figure 6 illustates an example of a magnetograa reconstructed from harmo-
nics of an expsnsion by spherical functions of the original megnetogram and
nagnetic field structure in the corona, as calculated in terms of a potential
approximation (the calculetions were done by D. Ponyavin, Institute of Phy-
sics, Leningred University). '

4. MEASUREMENTS OF THE MEAN MAGNETIC FIELD OF THE SUN AS A STAR

In observations of the mesn magnetic field of the Sun as a star whem all
points of the visible solar disk ought to be involved in the formation of the
spectral line profile, the objective is displaced 145 cm from the position in
which the focus lies in the plane of the spectrograph slit. The solar image
must be moved such a distence away from the slit that its sngular dimensions
seen at the slit, coincide with those of the objective; in this case, one bean
will enter the slit from each image point and the light efficiemcy of the spe-
ctrograph will be used best.

As usual, the measurements are made in the A 5250 £ 1ine of Fe I; the ac~-
cumulation time of signel, T = 100 sec, provides a semsitivity of about 0.05
Gs. In order to check the signal sero level, the measurements are made alter-
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OCT 01.1982 Np 0CT 02.1982 Np

0CT 03.1982 0226 UT 0740 UT

Sp 0120 UT Sp 0226 UT

Fig. 4: A typical sequence of daily magnetograms taken with a resolution
of 2 arc min. ‘

natively with and without a A /2-phase plate preceding the coelostat. Calibra-
tion is done with a special unit comprising a calcite plate and a 1 /4-phase
plate which is placed in the besm behind the spectrograph slit in front of the
polarization analyszer. Such a2 unit imposes an artificial splitting of the spe-
ctral line into two components that are circularly polarized in opposite sen-~
se. This ensures a complete snalogy with the measurement procedure and removed
systematic errors inherent to other calibration methods.

The more-or-less regular series of mesn magnetic field observations co~ -
vers the period from Jule 1982 through October 1984 snd includes 279 measure-
ments. Part of the overall data set that refers to the first half of the pe-
riod indicated, is shown in Fifure 7. For compsrison, this figure also pre-
sents dats from the Stanford University observatory. It is evident that des-
pite some exceprions, there is a well-defined general similarity of the two
series whereas the amplitudes show a systematic difference. A complete compa-
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Fig. 5: An exsmple of the comparison of magnetograms from the Sayan and

Stanford observatories.
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Fig. T: The measured results on the mesn magnetic field at the Saysn and
Stanford observatories.
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Fig. 8: The comparison of mean magnetic field measurements at the Sayan
and Stanford observatories.

rison of the two observational sequences is given in Figure 8; 228 days were
used in which time- coincident observations were made at the Saysn and Stan-
ford observatories. A linear regression equation for the data sets has the

form

Hs.’m = 1.51 uStlnferd + 0.01
and the correlation coefficient is 0.88.
The interval of observation indicated above (1982-1984) is a period of
declining solar activity, with its maximum falling into 1981. Therefore, a de-
crease in the amplitude of the annual mean strength of the mean magnetic field
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of the Sun should be expected. Indeed, a treatment of data from the Saysn ob-
servatory reveals that the value of |H| decreases from 0.50 Gs in 1982 to 0.41
in 1983 and to 0.38 in 1384,

A study of the periodical variations of the mean field by the method of
correloperiodogram analysis using a number of measurements at the Sayan obser-
vatory, revealed that the main period of variation is 26.8 and the other sig-
nificant periods are 24367, 25376, 28%05, ana 29%2s.

Periods of 363, 429, 829 and 1249 ere identifisble in the range of large
periods which are no longer associated with the solar rotation. Long-time con-
tinuous observations (of several hour-duration) revealed short-period oscilla-
tions in the magnitude of the mesn field with a period around 1 hr. Their ori-
gin is not clear yeot.

5.THE METHOD OF MEASURING GLOBAL OSCILLATIONS OF THE SUN AND LARGE-SCALE
MOTIONS IN ITS ATMOSPHERE

This method relies, in principle, on the same adea as realized in papers
by Kotov et al. (1978), Scherrer et al. (1980) sand Kobenov (1983), namely the
modulation of light emission from different areas on the solar surface and
measurement of relative line-of-sight velocities with a magnetograph. The op-
tical system in our case is such that the spatial size of regions being obser-
ved are able to very over broad ranges, from 40 arc sec to the size of the so-
lar disk. This has been achieved by developing the design of the solar tele-
scope for operative predictions into a twin solar telescope (Figure 1).

One of the objectives is on the optical axis of the spectrograph; the
light from the other objective, placed at 70 cm from the first objective axis,
is directed into the spectrograph slit by means of & disgonal mirror sad a
prism that is cemented onto a calcite plate. The light beam from each objec-
tive, after passing through calcite, splits into two orthogonally linearly po-
larized beams. The calcite plate and the prism are adjusted so that only one
beam should pass from each objective into the spectrograph slit. After passing
the /4-plate placed behind the entrace slit, these beams acquire am ortho-
gonal circular polarization snd the on-giong measurements are similar to those
of the longitudinel component of the masgnetic field.

Since each objective is capable of displacing, independent of the other,
slong its own optical axis, then by selecting some or other position of the ob-
Jectives with respect to each other, it is possidble to achieve virtually any
mode of measurement of differential line-of-sight velocities, right to the ob-
servation of localized velocities with the Sun as a atar. An exasmple of a re=
cord of the oscillations, taken with such a scheme, is shown in Figure 9; the
integration time of the signal is 32 sec, and the sensitivity of measurement
1s3ms ',

A combination of the telescopes’ entrasnce spertures that represent con-
centric sones, mskes it possible to perforz a spatial filtering of the modes
of the global oscillations of the Sun with different degrees 1.
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320s

Fig. 9: A record example of S5-minutes oscillations of the Sun as odtained
with the twin solar telescope.

In order to measure large-scale line-of-sight velocities snd the rotation
of the Sun, the second telescope illuminates the slit with the light from the
entire solar disk while the first telescope is defocused to the spatial reso-
lution required by the measurements. The image constructed by the first tele-
scope, is being scanned with the aid of a photoelectric guiding and sceamning
systea. This permits the local line-of-sight velocities to be measured with a
preset spatial resz2luticn: with the Sun as a star.

REFERENCES

Babeock, H.W.: 1981, Astrophys. J., 133, 572.

Deutner, F.-L., Ulrich, R.K., Rhodes, E.J., Jr.: 1979, Astron. Astrophys.,
12, 111,

Grigoryev, V.M., Demidov, M.L.: 1983, Issled. Geomagn. Aerom. Fixz. Solntu,
Nauks, Moscow, 64, 56.

Grigoryev, V.M., Peshcherov, V.S., Ossk, B.F.: 1983, Issled. Geomsgn. Aeron.
Fiz. Solntsa, Nauka, Moscow, 64, 80.

Kobanov, N.I.: 1983, Solar Phys., 82, 237.

Kotov, V.A., Severny, A.B., Tsap, T.T.: 1978, Mon. Not. Roy. Astron. Soc.,
183, 61.

LeaBonte, B.J., Howard, R.: 1982, Solar Phys., 75, 161.

Leighton, R.B.: 1964, Astrophys. J., 140, 1547.

Leighton, R.B., Noyes, R.¥W., Simen, G.W.: 1962, Astrophys. J., 135. 474,

Severny, A.B.: 1969, Nature, 224, 53.

Severny, A.B., Kotov, V.A., Tsap, T.T.: 1976, Kature, 259, 87.

Severny, A., Wilcox, J.M., Scherrer, P.H., Colburn, D.S.: 1970, Solar Phys.,
15, 3.

Scherrer, P.H., Wilcox, J.M., Severny, A.B., Kotov, V.A., Tsap, T.T.: 1980,
Astrophys. J., 237, L97T. |

526

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



Stepanov, V.E., Grigoryev, V.M., Kobsnov, N.I., Osak, B.F.: 1975, Issled.
Geomagn. Aeron. Fiz. Solntsa, Moscow, Nesuks, 37, 147.

Wilcox, J.M.: 1966, Science, 152, No. 3719, 161,

Wilcox, J.M.: 1971, in "Solar Msgnetic Fields", (ed. R. Howard), D. Reidel
Publ. Co., Dordrecht, Holland, p. T44.

527

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



